Abstract: This paper is composed of three elements: 3D modeling, web design and heritage visualization on the basis of the chronological restoration of Fort Frontenac in 1673, 1675, 1680, 1685 and 1688, changing from narrow and plain to broad, grand features. The aim is to use computer graphic design to inform and create an interest in historical visualization by rebuilding Fort Frontenac using 3D modeling and interactive design. The final model can be integrated into an interactive website to learn more about the fort's historic importance. It is apparent that using computer graphics can save time and money when it comes to historical visualization. Visitors do not have to travel to the actual archaeological buildings and can simply use the web in their own homes to learn about this information virtually. In order to create a sophisticated restoration of archaeological buildings, meticulously assessing historical records will draw viewers into the visualizations, such as the historical world of Fort Frontenac. As a result, the completed restoration allows the viewers to effectively understand the fort's social system, habits and historical events.
Introduction


Fort Frontenac was an important military fortress and fur trading post that was built in Kingston, Ontario, Canada in 1673. The fort was renovated four times, initially by replacing log palings with masonry walls and adding bastions while it was embroiled in occasional outbreaks of fighting between the Iroquois and the British. When the reconstruction of the fort was completed, it became an impressive. However, the newly reconstructed fort was destroyed in 1689 but was then later reconstructed in 1695 to strengthen military activity and accommodation. Over the course of 50 years, fur trade gradually became more unprofitable, and the fort was relinquished to British forces who devastated it during the Seven Years' War in 1758. The fort was never rebuilt and was abandoned, because the fortification was no longer needed. New buildings and streets were then erected above its ruins for more than a incomplete, a fertile imagination and computer graphics design skills are essential if the field is to help correct false assumptions regarding historical viewpoints. For example, what were the colors of the buildings? Color may be involved with an overly subjective viewpoint. What were its social system, habits and historical events of that time? Application of this field will also allow viewers to effectively understand the fort's social system and historical events. The target audience is those who are interested in history and archaeology. For those who are not able to visit Fort Frontenac because it is too far away from their residence, this thesis is designed to expand their knowledge while saving money and time. Historical Visualization is a vital field by means of internet access to view not only the fort but also many other forts, as well as other historic buildings and their architectural features, such as castles, all over the world. The important method of these processes is to disseminate this unique idea used for educational and economic purposes.
Methology
Design Approach
First, in order to approach a true picture of Fort Frontenac and its surroundings as they existed in the past, meticulous research was required via historical maps, plans and architectural styles of the fort at that time using the Internet and libraries. However, a physical visit and an archeologist's opinion are more advantageous to developing exceptional research. The dates that this researcher visited Kingston, Canada were on December 3, 2013 and on September 26, 2014 ( Fig. 2 ) in order to photograph and glean information about the target fort. Furthermore, a consultation with a local archaeologist, Mrs. Susan Bazely [3] , was well worth the opportunity to share her knowledge, experience in archaeological research and insights for research development. A good guide for the 3D modeling using Maya Software was to set up to scan drawings and blueprints.
After the design research was completed, the following practical softwares were essential to building models: Adobe Photoshop, CrazyBumps and Autodesk Maya. The exterior of the fortress was constructed in five steps, including the following years: 1673, 1675, 1680, 1685 and 1688. The used 3D modeling techniques included polygon modeling, shading and lighting. The textures of the buildings were shaded, and the background of the buildings and its surrounding environment were added by lighting adjustment. The completed models were rendered to produce video clips and interactive animations through camera movement, which were set in motion as a 3D camera was placed to create a bird's eye-view and a 360-degree view from the fort.
After the modeling was complete, interactive sceneries in Adobe Flash were devised to provide an effective way to implement visual communication and learning through the use of a mouse. Interactivity was integrated into the 3D models of the fort with unseen clickable buttons in order to allow the viewer to learn more about the fort's structure and historical importance. The video clips and interactive sceneries were integrated into the website in order to inform the user of the fort's social systems and historical events.
Modeling Buildings in Maya
Constructing Buildings and Environment
Maya 2014 is a professional tool that has the means of modeling physical objects and rendering sequences to create animations. By complying with the notes regarding the archaeological and historical consequences produced from research, photos of the forts, online documentation and historical plans and print documentation provided by the City of Kingston and Mrs. Bazely's evidence 1 , the careful operation was performed in Maya in order to fashion the length, height and size of each building, including the log palisades, curtain walls and moats. In addition, CrazyBumps is a convenient software program for shading textural materials, where photos were simultaneously turned into displacement and normal maps. The software is the most effective, simplest and easiest way of creating these types of maps, since the software is beneficial to the enhancement of aesthetics and contrast. Four, six or eight images became two or four of each image by means of flipping the images vertically and horizontally and then stitching the original whole images together with much repetition in Photoshop. The images were offset, and the clone tool was used to make seamless repeating patterns. The more images that were put onto the one large image in Photoshop, the more realistic the textures of the buildings were when the images were transformed to displacement and normal maps adjusted by CrazyBumps according to intensity sharpen, detail, shade and highlight, which were then imported into Maya. Finally, the normal maps were placed along with the displacement maps onto a Blinn bump map for particular buildings. Most texture images were provided by a website referenced as Cgtextures, which has a wide amount of abundant textural resources that range from ancient to modern.
The log textures were from Cgtexture, and the limestone textures were from the remnants of Fort Frontenac. The six similar repeated images were stitched together using offset in Photoshop in order to respectively adjust the surfaces of each pole with the UV texture editor, protruding a 2D texture image to the 3D model's surface in Maya. For the roofs and wooden walls of the two storehouses, the textures were also found in Cgtexture and were created by the same means of Photoshop and CrazyBumps with the results e because the a week due to ement to the e constructed well, two ions storage, es were 46 ft h [5] . For the a sequel to ong common kind of sugar ig. 9). o years later of the French ation, the log stone square 0 yards in bastions was red below the aces appeared 0). Fig. 10 The front of the 1675 fortress. Fig. 11 The front of the 1680 fortress. Fig. 12 The front of the 1685 fortress. Fig. 13 The front of the 1688 fortress.
the fort. The constructed buildings included the following: a 100-ft-long quarter, a blacksmith shop, a guardhouse, a cow house, a well, wooden platforms and scaffolds and log palisades on the north, east and south sides, as well as masonry curtain walls on the west side, with the addition of four limestone square bastions. Around the fort were 15-ft-wide ditches [5] .
The masonry curtain walls included many casements and loopholes [6] (Fig. 11) .
The 1685 Fort Restoration
About 2,000 men built the masonry curtain walls and the bastions [6] . The fort was enlarged in a square alongside each of four bastions, which measured approximately 96 ft from curtain wall to curtain wall. The south side had a combination of a 4-ft-high masonry foundation wall and log palisade that stood on the foundation wall. The inside included a masonry quarters or barracks, a guardhouse, a forge, mills, a powder magazine, a bakery, trade house, a well, a sentry-box and moats that were 15 ft deep [5] . An architect inspected the fort and reported that the height of the walls was still too low [6] (Fig. 12) .
The 1688 Fort Restoration
The additionally constructed buildings included the following: a large tower and four small towers, wooden platforms and scaffolds, a wooden bridge, a masonry gate and full limestone curtain walls with many casements and loopholes [5] . Most of buildings were completely transformed from wooden surfaces to limestone surfaces. However, some buildings still remained with wooden textures. Both textures were replaced because the fort had to be strongly reinforced due to the improvement of the military services and the interior exploration. Although the features were fine looking, there was no reassurance of safety. Only one year later, the fort was destroyed by Indian attacks [6] (Fig. 13 ).
Output of the Fort Restoration
The main output of this project can capture the important features of the fort restoration in chronological order. As these figures show, the width of the walls was obviously broader when it was being renovated as time passed, whereas its height remained the same. Additionally, Appendixes A and B indicate the size and materials of the walls and the interior buildings. This information resulted from a clear relationship between the height and weight of the fortress wall in the context to the fact that it was constructed for the number of garrisons required. In 1673, there were 400 men, including soldiers, traders and French inhabitants, and by 1685, there were 2,000 men [5] . The number of garrisons was not clear, but garrisons increased in proportion to a total of all the men participating in the fort. The number of buildings inside the fort was increasing, and building materials were becoming stronger and more highly qualified for the task.
Masonry walls were gradually added to improve the security of the fort against occasional attacks by the Iroquois. However, although the fort was not fully destroyed by these attacks, the settlement was totally spoiled due to Iroquois attack and the prevalence of scurvy among its settlers. The number presented at the garrison was quickly reduced to only 13 defenders, so as a result, the French destroyed the newly restored fort due to a lack of military defense and supplies so in that case all the walls did not get any taller from that time forward [6] .
Conclusions
Proving this collaborative evidence needed videos and interactive sceneries of the front view and the 360-degree view of exterior and interior of the fortress. Following the videos and interactive sceneries of the chronological restoration of Fort Frontenac in 1673, 1675, 1680, 1685 and 1688, the width of the walls gradually widened, whereas their height did not change. The number of the garrisons living inside the fort also affected the direct relationship between the width and the height of its walls. To produce the videos and interactive sceneries, modeling the buildings and the related environment created a lot of challenges and many difficulties because there was very little information available about the 17th-century Fort Frontenac. Further research and information were needed to clarify that Fort Frontenac compared with other forts that were relatively similar to the target fort, according to their various sizes, such as the height, length and width of buildings, as well as the textures of the buildings and the environment surrounding them. To make the visual motion smooth and slow, 900 frames in the rendering sequences were required to create the video clips. Needless to say, the average rendering time was 9 h, and occasionally several defections from the rendering occurred, so supervision was important to the rendering several times each hour.
By changing the consumer's understanding to an archaeological viewpoint, the field continues to evolve step-by-step. The 3D techniques and web design gradually support this evolution, even though the technology is still developing in areas, such as comfort and convenience for modeling, importing colors and sounds, lighting, shading, setting items into motion in 3D, visually communicating a 3D screen, and interactively using a mouse on a website. The project can state facts backing up historical sites that have been abolished, are in bad condition or are in repair, which can then be resuscitated and examined through the use of the latest technology, such as videos and interactive sceneries and those in this research that demonstrate and prove the different sizes of the fort restoration as they occurred in chronological order. 
